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River. 

TABLE 4-FloOd itagcs in the rivers 01 the Paeifc slope, Februnry, 
1916. 

I I I Aboveflood I I 1 Flood 1 'T' I Great 1 
From- To- 

stage. -- stage. I)&. Station. 

Columbia.. ........ Vancouver, Wasb.. ....... 
will8rn~tte.. ....... Eugene Oreg ............. 

Do. ............ Albany: Oreg. 
no ............. Salem, Oreg.. ............ 
Do. Oregon City, Oreg.. 
DO.. Portlaup, Oreg.. 

Santiam ............ Jderson, Oreg ............ 
Yamhill.. 1fcMinnville. Oreg 
Clackamas.. ....... Cazadero Ore ............ 

............ 
............ ...... .......... ........... 

........ .......... 
Sacramento.. ...... ~ e d  Bluff Caf.. .......... 
8an Joaquin ........ Lnthrop, 681 .............. 

': 
s 
9 

10 
I! 

I! 

1" 

FECI. 
15.0 
10.0 
20.0 
20.0 

15.0 
10.0 
35.0 
8.0 m. 0 

17.0 

12. n 

12 13 
7 9  s 10 

s 14 
9 14 
7 8  

1 s  

8 in 

'I! 12 

1 1; '$ 

From- 
_____ 

18 

128 

Wet .  
1% 7 
15 2 
2s. 0 
26. 2 
15.0 
20.0 
14.9 
39.1 
11.9 
24.0 
17.0 

To- 

2 6 %  
18 

2 0 2 2  
4 

TABLE 5.-Floodstages in the tributaries of the Ohio, February, 1916. 
- - 

I 
! 

Station. . i , Flood stsge. River. 

i 

French B d .  - - -. . 
Tsnnessee.. ........ 
Monongahela. ...... 

Do .............. 
Do .............. 

Little Pauawhs.. .. 
Do .............. 

Walhoading.. ...... 
I scioto. 

DO... ........... 
Miami.. 
W8basb.. 

Do .............. 
Do .............. 
Do .............. 
Do .............. 

............. 
............ i .......... 

I Asheville.. ................ 
Knoxville, Tenn. ......... 
Fairmont, W. Va ......... 

Fcrl. 
4.0 

12.0 
25.0 

GreensbOh P8 ............ 1 20.0 
hckNo.4 'Pa  ............ ! 31.0 
Glenville, &. Vs.. ....... _, 22.0 
Creston W.Va ........... I '3.0 
w a d i n  , Ohio ........ 8.0 
Pmpe?. offto.. . .:. ..... .I 10.0 
c'irclev~llc. 0,hio.. ........ .! 5.0 
Tadmor Ohio ............. I 12.0 
Bluffton: Ind.. ........... 12.0 

2 E e t t e ~ I  nd... ....... .j 11.0 
Tare %nu& Ind ......... _ '  16.0 
Mount Crarmbl, 111.. ....... I 15.0 

port ........... i 12.0 

bhove flood 
stage. 

~rom- 

8 
3 
13 
13 
14 
13 
13 
1 
1 
1 

131 
1 

'31 
'x) 
I31 
'1 

- 
Po- 
- 

3 
4 
13 
13 
14 
'Y 
13 
1 

3 
1 
2 a 
5 
Lc 
17 

a 

- 

- 

Crart 
itage. 

Fed. 
4.0 
14.0 
25.0 
23.0 
31.7 
32.5 
213. I5 
8.0 
10.9 
11.1 
14.8 
13.5 
14.6 
B.5 
23.0 
26. i 

late. 

:I 
:1 
18 
13 
14 

. 13 
13 
1 
2 
1 
1 
1 
1 .  

1 January. 

TABLE 0.-Fbod stag@ in the Misacniri River and tribictnrier, Ft4rziary. 
1916. 

River. 

Misouri ............ 
Blue ................ 
Grad. .  ............ 
Osage.. ............. 

station. 

I 
............. ............ Blair Nebr.. 

Beat;ice Nebr 
Chillicothe Yo 
Bsgnell, Mb.. ............. ............ 

Flood 
Stern. 

_-- 
Ftrt. 
15.0 
16.0 
18.0 
28.0 

Crest 
stage. 

Ffd. 
16.B 
18.0 

32. X 
is. a 

I January. 

Ilyihogru 111s for t ical poilit5 on severd priiic;ipal 
rivers are s r inwii on #art I. The stations selected fur 
chartin arc K C C J ~ U ~ ,  St. Louis, Memphis, Virksbuig, :I nd 
New Or oans, on the Mississi pi; Cinciniiati and Cairo. OII 
the Ohio; Nashville, on the .umberland; *Johnsonville, on 
the Tennessee; Kansas City, on the Missouri; Little Roc+. 
on tho Brkansais; and Shreveport, on tho Red. 

P 7 

- I .  . -! 

SNOWFALL AT HIGH ALTITUDES, FEBRUARY, l B l 6 .  

An vsceptionally heavy snow cover in the niountAiis 
wmmulatecl during January, 1916. A severe snowstorin 
durin the first few days of February, 1916, added a con- 

Montana, west of the ontinental Divide. Subsequent, 
weather, however, was not favorable to the conservation 
of the snow and by the close of the nionth much snow had 
disappeared from the lower lovels up to 7,000 feet and on 
the south slopes. The remaining snow was well packed, 

cg sidera B le amount in Ore on, Washington, Idaho, and in 

and the outlook for irri ation and power water, though 

still favorable in practically all localities.-A. J. H. 
not so bright &s a t  the c K ose of the preceding month, was 

STREAM FLOW IN 
MONTANA. 

By R. FRANK YOUNG, Meteorologist. 

[Dated: Wealher Bumu,  Dayton, Ohio, Feb. 14,1916.l 

ion under discussion in this piper is that pur- 
northern Rocky Moiiiitains which fornw the 

Iiondwnteru basin of the Missouri-MiYsissippi drainage. 
is outlined in figure 1, below. 

I t  
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-1,tiso - 0.24 + 1.7 
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-5,lso - 0.41 
- 3.n 
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Precipitation (1n.j.. .................................. 
Temperature ( O F . ) . .  ................................. 

1908. 
st re^^^ flow (cu. rt./sec.). ........................... ., 
Precipitation (in.) .................................... 
Temperature (OF.)--. ................................ 

.- 0.4*: - 0.9 

-t. Gin - 0.53 + .1.1 

-490 - n . w  - 5.0 

.- 11.75 
- 2.0 

- I .  is0 
+ 1.1: 
- 1 . I  

- & w  + 0.03 - 3.3 

+2.510 

-I- 5.s 
- h.15 

+3320 

+ 1.7 
- h.34 

-1.IiRO 

- 1.3 - 0.34 
-1,PHl - 0.17 - 2.1 

-- 
DW. 

. __ .. .... ............ __ ......... - 
I I ~ u i .  ! F ~ I , .  bfar. ! . \pr. ~ s g .  

........ I- -- 
! 

! 
Pr~ipitstion (in.) .................................... 

1903. 
............................. i Streamflow (cu. ft./sm.). 

Temperature ("y.). .............................. ....I 

-_. - ,111 

- 11,:is 
- 1.3 

- 2i0 + 1.11 
-I- 1.0 

- Ij70 

- 4.9 
- 0.40 

-1,t'dll , 

+ 0.01; - 1.u 

- -130 
+ 0.50 - 1.5 

- 3:uJ 

+ Ii. 4 
- (1.04 

- 1111 
-0.13 : + 4 . t ;  

+ !HI 
-(I. 13 + 4.3 

+ 90 
-0.41 + 2.2 

- tilo 
+I1.01 + 4.3 

- 210 
-0.21 
- s.s 

- 110 
-n. 30 + 3.8 

+ .-,!a 
+0.m - 1.5 

+ M  

- 3.3 
+0: 26 

- a10 

+ 2.0 

+ w  
-0.40 + 2.8 

+n.34 

- 4111 
-0.15 + 0.9 

+ 5 w  
-0.14 + 8.3 

+ 13n 
-n. in  + 2.3 

19.2 
0.79 

- :i,m 
- U.I.XI + l .s  

- 2,210 
- 0.87 
- 1.8 

- 7,710 + 0.30 
- 3.G 

- 5,510 + I).l)t; 
- 4 . 3  

k 1. :%I 
4. 1.31 - 4.5 

.1-11.L9(1 + 1.1;a - 4. G 

-I 3 , m  

+ n.2 

.- 7,7111 

.- 0. '11; 
;. 2.2 

- 0 . w  

-+ :3;m 
-t 1.01 
-1- n. 'J 

+ 5,290 - 0.77 
-t 1.4 

+ fi,%wl 
-t 2.31 + 0.2 

- 3,010 + 1.01 - 1.9 

- 3,;M + 1.51; -- 5.7 

57.8 
2.28 

- Y4l) - X7t1 
- 0.4s I - 0.52 + 0.4 I - 2.4 

+a 
+O.W + 1.0 

- m  
+o. 11 + 2.7 

-370 
-0. I - 1.6 

+ 5 3 0  
+0.= + 5.5 

-270 
-0.14 + 2.1 

- 1,313 I + 1.1; 
- 2.5 

-1,560 - 0.13 - 1.0 

-?,OM - 0.12 + 0.4 

-2 ,58  
- 0.85 + 2.1 

+9, Y4l I + 0.SR 
- 1 . i  

. t R . m  
- lI.l?? + 2.3 

- ro 
t 1 . 3  - n. 1 

-4,560 
- n.w + ?.!l 

-1 om 
- 3.0 - 6.69 

+ 430 + 0.12 - 3.? 

+1,440 + 0.70 
- 2.5 

- 2,5w - 0.14 + 1.8 

+ lizul 
.t 1.51 - .I.li 

62.8 
1.81 

-- 

-1,I;LIII ' lsll + 1.31 I --i.,w 
-- 1.0 I - 3.3 

i 

- 940 
- 0.37 + 0.4 

-1,440 
- 0.01 
- 1.2 

-3 060 

- I).!? 
t i . l S  

+2.m + 0.40 
- 3.2 

-I- lil, - 0.11 
- 1.1 

- . lWI 
- 11.02 
-1 1.1 

-I, SY1 
- 11.19 
- 1.7 

- 440 + 0.05 
- 3.3 

+1 5r3J 

- 8.2 
+ 6.m 

+ 560 
- 0.19 + 1.4 

-1.325 - b.85 - 1.4 

+l,lSO + n.m 
-I- 2.4 

61.8 
1.01 

-- 

- &n( - 800 
- o.fi5 - 0.64 + 4.0 I + 6.6 

I 

-1 m I -1 100 
- 6 . 5 6  -6.09 
- 4.G I - 0.1 

-t 10 - 0.77 
-t 3.9 

+1,020 - 1.50 - 0.2 

- 570 
- 1.27 + 0.s 

-1 570 

+ 3.1 

+ 130 - 0.54 + 1.2 

+ 130 
- 0.44 
- 0.1 

- 6.48 

+ 030 

+ 2.2 

+ I  Fa 
+ 1.4 

+ 0.01 

+ i.m 

- 870 + 1.03 
- n.n 

- :Jill + 11.01 - 2.7 

+1  .I30 + b.05 - 6.1 

- 370 - 0.27 
- 0.1 

- M O  
+ 0.54 - 0.s 

+I 480 

- 4.s 
+ 6.85 

b8.B 
1.m 

- 370 - 8 3 1  + 11.09 I - 0.21 + 5 . 5 ;  - li.0 

+ 0 . 2 ~  ~ + 0.8s + 7.01 + 3.s 

+ I + i i0  

-900 + 0.10 - 2.3 

- 5 0 0  - 0.49 + 3.2 

+ 700 - 0.52 + 1.4 

-1 100 + 0.95 + 1.R 

- 300 + 17.64 + 1.4 

- ,500 + (1.07 - 5.9 

+1 m 
+ 4.2 
- b.35 

+1 100 

+ 1.8 
+ b.12 

+ 6 P  
- 0.58 + 5.7 

+ sm + 0.12 - 0.8 

81.8 
0. I 4  

-1 000 
+ 3.0 
- 6.58 

-300 - 0.42 + 5.5 

+1,3on + 0.52 - 1.4 

+ .roll - 0.41 + 1.3 

- - G o o  

+ 2.7 
+ 0.39 

-300 + 0.78 - 2.5 

+1,400 + 0.70 - 2.9 

+ m  + 0.56 - 3.3 

+11m 

+ 1.8 
+ b.56 

+ w  
+ 4.0 
- 0.71 

U. D 
1.16 

-- 

OCt. 

+580  
-0.40 + 0.1 

+ w  +o. 11 - 9.0 

I 
I + 130 1 +2  570 

-1- n.ni; - h . 5 ~  
- 5.1 ; + 9.9 

- 7 0  
-0.88 + 1.2 

I 

- 37u + i o  - n.16 - n.74 - 3.5 1 + 5.8 

-s70 Io2.1i -0 .04  930 

- 3.7 

I 

- 470 
+o. oa - 2.3 

+a 
- 1.0 
-n. P 

- 3x1 +2,m, + 11.52 - o m  + 0.3 - 1.4 

I Stream flow (cu. ft./sec.). ............................ 
Redpitstion (in.) ................................... _i 

................................. Temperature (OF.).. I 
- 170 
-0.60 - 1.1 

+z nio +2,szc1 - 6.11 - 0.&5 + 0.9 1 - 0.4 
I 

+ 2Ro i + 3 , m  

+ 1.4 7 OO!: + 0.35 

1914. 
I 

stream flow (cu. rt./sec.). ........................... .I 
Temperature &F.).. ............................... ..I Reclpitation in.) .................................... + 710 I + 310 + 0.06 - 0.62 + 2.0 I + 4.6 

- im 
-0.40 - 4.2 

+ m  
1915. 

Streem flow (cu. ft.lsec.). ........................... .: 
Precipitation (in.) .................................... i 

................................... i Temperature (OF.) 
+l,~M1 I +1.m 

+ r . l i  + 4.5 
I 

- 0;zz + 0.09 

I 
21.1 I 29.0 
0.61 ; 0.BB 

I -- __ .. - .- 

......... 

I Normal tern ture and ecipitatiou lor t l i ~  \rater- &%  an onKrry: 
~mpareture  ~ 2 ) .  ............................. i 
ml?lpitation ( .) ............................... .I 

a. 2 
0.10 

I ____ -. . .......... - .... 

Feh. 1 Mar. 
i 

June.  i July. Sept. Nm. D€m. 

%.ft./sac 
2500 
a:mJ 
1,500 

3500 
3' 500 
4:OOo 
5000 
a: 500 

3000 
4:m 

2% 
4,850 

9% 
3: 300 

3: 800 

4' 800 
3: 500 

5' 500 
4'900 
5' 160 
4; 880 

2,400 

3 100 

5 400 

3 m  

'c.u./r.lrce 
1m.. .I 2, 
1eG4 ....... : .......................................... ! 
1805 ................................................... 3:m 

............................................... 
3 000 

1808. ................................................. ! 
1QO7 
1808 ................................................. 
Em... ............................................... 
1910.. ................................................ 
1911 .................................................. i 2 7w 
igta .................................................. I 3:000 
1013 .................................................. 2 500 
1914. ................................................. 3' 490 
1915.. ................................................ 3: 010 

a . 0 0 0  , 2:000 

' I w o  4 5 0 0  

2800 

5:310 , 5,660 

i:m 3 : m  

4'090 ?E 



Perha s the most striking fticts disdosed by this corre- 

An excess of snow in the mountains a t  the close of the 
snow season does not give assurunc:e of a normal stream 
flow during the following sunliner: ( 8 )  neither a heavy 
winter snowfall nor a large accumulation of snow in the 
mountains in spring is essontial to a noriiial summer 
stream flow. 

There are several instances in which the data of Table 1 
support these statements, but two of the most striking will 
serve to illustrate the oints. The autumn and winter of 
1909-10 were unusual f y favomble for the storage of mois- 
ture in the form of snow in tslie mountains of the upper 
Missouri watershed, and a t  the close of February, 1910, 
all available information showed a marlced escess in the 
stock of snow. Neverthelass while caroful nicasuremen ts 
b the Montana Power Co. showed the stream flow a t  
dnyon Ferry from March to May, inclusive, was decid- 
edl in escess of the normalj there was a yet iiiore ninrkecl 

ver lausible explanation in the fact that both March 
an8$ril, 1910, were nbnornially warm and dry, and 
before the middle of the la.t,t,er mont-li a.11 snow in t,lie 
mountains escept scattered drifts, which were of little 
consequence had disa eared. The loss during these 
months, bo& by run-opand evaporation was excessive, 
and there was no escess in precipitation during May and 
June to offset this loss. 

In  1914-15 practically the reverse of these conditions 
obtained. There was a marked deficiency in Bhe late 
autumn and winter preci itatioii ‘and less snow in the 

There were, however, similar tern erature conditions in 

in 1915 as in 1910. This of course tended to accentuate 

lation o P data on stream flow and precipitation are: (1) 

de f? ciency from June to August. In  this case there is n 

mountains at the close o P winter than for many years. 

March and April, which were muc E warmer thin normal 

While the winter snowfall ia important as a rule in ita effect on the 
mmmer atream flow, it is not always, and perhaps not as a rule the con- 
trow factor in the supply during the low water period of Jul , August, 
and September. An excess of mow in the mountains is regcted to 8 
greater extent in the May and June flood stages than in the low-water 
stages in July and August. After a wm$r of normal or excessive wow 
accumulation, the mow from the foothills and southern slopes dkap- 
pears durin March and A ril. The effect of the water from the snow 
that melts !- thia ear& period, upon the late flow of the streams 
wiU depend on e condition of the ground at the time of melting. If 
the p u n d  benaath the snow is frozen to a considerable depth, only a 
ana rrcentage of the water will Rep into the soil, to appear later as 
p u n  water. As the season advances the melting gradually extends 
to %her altitudes and to the north dopes, and the maximum run-off 
is reached lata in May or early in June, when the effect. of the com ara- 
tively heavy rains of these months ia combin.ed with that of the m e h g  
mow. During theee monthethe ground ~sfauly well saturated. and nor- 
e l y  there ia .dcient  moistyre for agricultpl pqo-ses without irri- 
gtmn, and thu aurplu~ water in the etreams is not utilized except in a 

at h e r  altatudes becomes free from frost and comparatively  dry^^^^ 
middle of April, and ia in condition to absorb the. m a h u m  amount of 
moisture during the wet maon, comprising May and June. The water 
thus abaorbed, to a e extent, reaches the stmama at a later period 

In the hal paragraph of the bullethiitwasstated that- 

w inatsnce~ to. fill etarage Faervoirs. 
Followiqa wmterof deiicient mowfall the entire s u e e  of the 

when moat needed to 3 o eet the deficiency from winter mow. 

Huron. 

Fa. 

+a% 
578.47 

-0.09 

-0.53 
-3.25 
+0.30 
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-- 
Feu. 

+&ai 
571.W 

+0.63 

+a31 
-1.76 
+1.38 

As was clearly anticipated in this statement, the May 
and June stream flow was deficient, although Ma was 
moderately wet and June and July were excessive T y so. 
Tho excess in stream flow began with July and the per- 
centawe of excess increased through August and Septem- 
ber; &e October and November flow was much abovenor- 
nial notwithstandin t h t  the precipitrtt4on was only 
slightly above norm5 after July. 

SUMMARY. 

While the data a t  present available may not be con- 
clusive on all points, it is believed that the following facts 
are more or less clearly brought out: 

The main supply for the streams during most of the 
year is ground water. The only conditions under which 
surface run-off has a marked effect are (1) an abnormally 
warm March and April, following a winter of hea 
snow, or (2) excessive May and June rains coming w a  
there is still much uniuelted snow in the mountains. 

A uniform snow cover over the entire watershed would 
better serve to replenish the round sources than the 
sanie amount accumulated in 8 rifts; so that a forested 
area, by preventin drifting as well as rapid melting and 
evaporation, is a fetter conserver of the water supply 
than is an open country. 

The condition of the ground beneath the snow, whether 
frozen or free from frost, is an important factor in ruu-off 
control. 

The sli h t  fluctuation in winter stream flow lends sup- 
port to t fe  inference that under normal conditions there 
is no material loss by run-off during this season, and that 
therefore the amount of water stored in the mountains at 
the close of winter is approximately what falls from 
November to February, inclusive, minus the loss by 
evaporation. 

Mean level during February 1916: 
Above mean sap-leve.1 at’Xew York.-. __. 
Above or helm- 

~ e a n  stage of January 1916.. . . . . . . -. 
Mean stage of F e b r d  1915.. . . . . . - 
Average stage for Febriary, last 10 

. I&~trecordfd Fehruarysta ge..... 
Lowest recorded February stage.. . . . 

Janiiarr lev!. -. . . . -. . . . . . . . . . . . . . . . . . . . . 
March eve1 ._....__._________.._____._.. 

.............................. 

Aversge rehtlm of the February level to: 

MEAN IiEVELS DURING FEBRUARY, 1916. 
By UNITED STATES LAKE SURVEY 

[Dated: Detroit, Mich., Mar. 3,1918.1 

The following data are reported in the Notice to 
Mariners of the above date: 

Fcd. 
608.44 

-a 15 +a 75 
+am 
-0.01 
+l. 68 

-0.2 
+0.2 

t- superior, 
nata. 

The foregoing facts seem to forecast without reasonable doubt that 
the flow in all atreams during the period of high water in May and June, 
1915 will be far below narmal; but withan exceea, or even normal, May 
and hme rains to replenish the ground.sources ?f water supply, the late 
flow will  not likely ahow a correapondmg deficmcy. _ _ _ _  ~- ~ - 

Lakes. 

Ontario. 

F&. 
U5.41 

+a 98 
+O. 42 

-2. a6 
-a 31 
+z 4a 

+a a 
-0. 2 - 

Please make the following changes in the statistics for 
the floods as ublished iU tlus REVIEW for January, 1916: 

Pa e 30. & l m n  1, mxt to last liiic, for “Greenville, 
57.3 feet” read LLGreenvillc, 50.6 fcct.” 

Page 30. Column 1, last liiic, changc? to read “was over- 
sto ped by 0.1 foot.” 

$age 31. Table 2, Crest stage a t  Newport, Ark., for 
‘(33.4 feet” read “34.3 feet.” 

Pawe 32. Table 6, last line,for “Jan. 17, stage 51.8 
feet”aread “Feb. 17, stage 53.4 feet.” 

Page 33. Table 9, Crest stage at Melville, La.,for “41.9 
feet on Mar- 1 4 ’ ’  ~d “43.2 feet on Feb. 14.” 


